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INTRODUCTION 


Selective  estrogen  receptor  down-regulators  are  thought  to  exert  their  effects  by  binding 
and  degrading  ERa;  however,  the  mechanism  of  degradation  is  unknown.  Our  laboratory  has 
shown  that  a  cytoplasmic  ERa  mutant  (cER)  that  lacks  an  NLS  is  completely  resistant  to  ICI- 
mediated  degradation  in  C4-12  cells.  However,  a  rhodopsin- fused  full-length  ERa  (containing 
its  NLS)  that  is  sequestered  at  the  plasma  membrane  is  degraded  upon  treatment  with  ICI  in  this 
cell  line.  I  hypothesize,  therefore,  that  the  NLS  domain  itself,  and  not  merely  the 
subcellular  localization,  is  the  critical  determinant  in  ICI-mediated  degradation  of  ERa.  I 
predict  that  the  NLS  serves  as  a  region  for  interactions  with  other  proteins  that  may  assist  in  the 
degradation  process. 
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BODY 


1)  Research  Training  Environment 

The  Breast  Center  at  Baylor  College  of  Medicine  (BCM)  provides  a  unique  training 
environment  with  multiple  opportunities  for  me  to  grow  as  a  young  research  scientist.  In  the  past 
year,  I  have  taken  full  advantage  of  these  opportunities  and  will  outline  my  primary 
accomplishments  here. 

completed  and  received  an  “A”  letter  grade  in  the  Molecular  Carcinogenesis  course 
taught  here  at  BCM 

beginning  a  course  in  Translational  Breast  Cancer  Research,  which  is  taught  by 
faculty  members  of  the  Breast  Center 
successfully  completed  my  qualifying  exam 

presented  data  in  poster  format  at  the  graduate  student  symposium  at  BCM 
contributed  a  section  to  a  text  book  chapter  entitled  “Insulin-Like  Growth  Factor 
Signaling  in  Normal  Mammary  Gland  Development  and  Breast  Cancer  Progression” 
(in  press) 

am  primary  author  of  a  review  article  entitled  “The  Type-I  Insulin-Like  Growth 
Factor  Receptor  Pathway:  A  Key  Player  in  Cancer  Therapeutic  Resistance”  (in  press); 
this  article  largely  focuses  on  the  role  of  the  insulin-like  growth  factor  pathway  in 
mediating  resistance  to  numerous  cancer  therapies,  including  endocrine  therapies, 
such  as  ICI 


2)  Research  Project 

Preliminary  experiments  performed  in  C4-12  cells  (an  ER-negative  variant  of  MCF-7 
cells  that  my  mentor  has  shown  can  be  reconstituted  with  a  fully  functional  ERa  (1))  have  shown 
that  a  cytoplasmic  ERa  mutant  (cER)  that  lacks  a  nuclear  localization  sequence  (NLS)  is 
completely  resistant  to  ICI-mediated  degradation.  However,  a  rhodopsin-fused  full-length  ERa 
(containing  its  NLS)  that  is  sequestered  at  the  plasma  membrane  is  degraded  upon  treatment  with 
ICI.  I  hypothesize,  therefore,  that  the  NLS  domain  itself,  and  not  merely  the  subcellular 
localization,  is  the  critical  determinant  in  ICI-mediated  degradation  of  ERa. 

Specific  Aim  1:  Determine  the  role  of  nuclear  localization,  or  the  NLS,  in  ICI-mediated 
degrada  tion  of  ERa 

•  Confirm  that  cER  is  resistant  to  degradation  by  ICI  in  MCF-7  breast  cancer  cells 

One  of  my  primary  goals  is  to  verily  the  degradation  data  in  other  breast  cancer  cell  lines. 
Therefore,  I  used  wild-type,  ERa-positive  MCF-7  cells  stably  expressing  GFP-cER  to  determine 
if  this  cytoplasmic  ERa  mutant  protein  is  also  resistant  to  ICI-mediated  degradation  in  a  different 
cell  line  (Fig.  1).  As  expected,  endogenous  ERa  is  degraded  upon  treatment  with  either  estradiol 
(E2)  or  ICI.  However,  while  cER  is  strongly  degraded  by  increasing  concentrations  of  E2,  the 
effect  of  increasing  concentrations  of  ICI  on  cER  protein  expression  appears  to  be  minimal. 
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Thus,  cER  seems  to  be  resistant  to  ICI-mediated  degradation  in  MCF-7  cells  as  it  is  in  C4-12 
cells. 


Figure  1.  cER  is  partially 
degraded  by  ICI  in  MCF-7 
cells.  MCF-7  cells  stably 
expressing  cER  were  starved  in 
serum-free  medium  (SFM) 
overnight  and  then  either 
maintained  in  SFM  or  treated 
with  increasing  concentrations  of 
E2  or  ICI  for  13hr.  Protein 
levels  were  detected  by  Western 
blot  using  antibodies  against 
either  ERa  or  beta-actin. 


The  initial  experiments  perfonned  in  C4-12  cells  analyzed  ERa  protein  levels  after  8hr  of 
treatment  with  ligand.  The  data  shown  here  are  from  MCF-7  cells  treated  with  either  E2  or  ICI 
for  13hr.  This  led  me  to  examine  whether  there  is  any  time-dependence  on  ICI-mediated 
degradation  of  cER.  To  explore  this  possibility,  I  performed  a  time-course  experiment  using  the 
MCF-7-cER  cells  (Fig.  2).  As  expected,  endogenous  ERa  is  degraded  by  both  E2  and  ICI  at  all 
time  points  tested.  Cytoplasmic  ERa  mutant  is  degraded  by  E2  as  early  as  6hr,  and  this 
degradation  persists  for  24hr.  This  contrasts  with  the  pattern  of  ICI-mediated  degradation  of 
cER  in  these  cells.  At  both  6hr  and  12hr,  cER  is  completely  resistant  to  degradation  by  ICI. 
However,  at  the  24hr  time  point,  there  is,  potentially,  a  slight  reduction  in  the  levels  of  cER. 
Therefore,  the  length  of  treatment  with  ligand  may  influence  ICI-mediated  degradation  of  cER  in 
MCF-7  cells.  Interestingly,  at  the  6hr  time  point,  ICI  may  actually  stabilize  cER. 


6  hr  12  hr  24  hr 


^  <<,v 


GFP-cER 

ER 

Beta-Actin 


Figure  2.  cER  degradation 
by  ICI  is  dependent  on 
length  of  exposure  to 
ligand.  MCF-7-cER  cells 
were  starved  in  SFM 
overnight  and  then  treated 
with  either  E2  (10'9M)  or  ICI 
(10‘9M)  for  6hr,  12hr,  or 
24hr.  Protein  levels  were 
detected  by  Western  blot, 
using  antibodies  against 
either  ERa  or  beta-actin. 
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The  data  are  clearly  interesting,  and  I  am  in  the  process  of  repeating  these  experiments.  I  am 
focusing  much  of  my  efforts  on  understanding  what  occurs  at  the  24hr  time  point  and  later  time 
points  as  well.  It  is  critical  to  determine  if  the  resistance  of  cER  to  ICI  is  merely  temporal  or 
whether  it  is  a  characteristic  which  persists  regardless  of  the  length  of  treatment. 

•  Confirm  that  RhER,  containing  the  NLS,  is  degraded  upon  treatment  with  ICI  in  MCF-7  breast 
cancer  cells 

To  determine  if  the  susceptibility  of  RhER  to  ICI-mediated  degradation  that  we  observed 
in  C4-12  cells  occurs  in  other  breast  cancer  cell  lines,  I  treated  stably  transfected  MCF-7/RhER 
cells  with  increasing  concentrations  of  E2  or  ICI  (Fig.  3).  As  expected,  endogenous  ERa  is 
degraded  by  increasing  concentrations  of  both  E2  and  ICI.  The  data  obtained  for  RhER  seem  to 
be  less  conclusive.  It  appears  that  increasing  concentrations  of  E2  result  in  decreased  levels  of 
RhER;  the  protein  detected  after  E2  (1(T9M)  treatment  seems  to  be  considerably  lower  than  the 
protein  detected  under  control  SFM  conditions  (unfortunately,  this  blot  has  a  mark  at  E2  10'9M, 
but  this  does  not  represent  RhER  protein).  It  appears  that  RhER  levels  decrease  as  ICI 
concentration  increases  from  10’1 1 VI  to  10‘9M.  However,  the  total  level  of  RhER  protein 
detected  at  10'9M  seems  quite  similar  to  the  total  level  of  RhER  protein  detected  under  control 
SFM  conditions.  Thus,  it  is  difficult  to  conclude  whether  RhER,  containing  the  NLS,  is  in  fact 
degraded  by  ICI.  More  experiments  clearly  must  be  performed  in  order  to  resolve  this  issue.  I 
am  in  the  process  of  repeating  this  experiment,  as  well  as  performing  time  course  experiments  to 
determine  if  there  are  any  temporal  changes  that  exist. 


Figure  3.  Degradation 
of  RhER  in  MCF-7 
cells.  MCF-7-RhER  cells 
were  starved  in  SFM 
overnight  and  then 
treated  with  increasing 
concentrations  of  E2  or 
ICI  for  8hr.  Protein 
levels  were  detected  by 
Western  blot,  using 
antibodies  against  either 
ERa  or  beta-actin 


Interestingly,  there  appears  to  be  a  significant  shift  in  molecular  weight  of  RhER  after  treatment 
with  10'9M  ICI.  Moreover,  this  shift  does  not  seem  to  occur  after  treatment  with  10'9M  E2. 
Thus,  this  lends  support  to  the  idea  that  E2  and  ICI  cause  degradation  by  different  mechanisms. 
The  exact  nature  of  this  shift  is  currently  unknown,  but  it  may  be  due  to  poly-ubiquitination.  I 
would  like  to  examine  this  further  in  the  future. 
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•  Characterize  the  role  of  the  ERa  NLS  in  degradation 

To  more  completely  characterize  the  role  of  the  NLS  domain  of  ERa  in  ICI-mediated 
degradation,  I  plan  to  force  the  cER  mutant  protein  into  the  nucleus  using  the  strong  SV40  NLS. 
Furthermore,  I  plan  to  examine  whether  the  ERa  NLS  can  act  as  a  degron  by  conferring 
degradation  to  a  heterologous  protein  such  as  actin  or  GFP.  I  have  only  recently  begun  thinking 
about  cloning  strategies  for  these  experiments.  Some  of  the  previously  generated  data  must  be 
carefully  analyzed  and  more  experiments  need  to  be  performed  in  order  to  determine  the  exact 
role  of  the  ERa  NLS  in  ICI-mediated  degradation.  I  am  continuing  to  plan  my  cloning  strategy. 
I  hope  to  resolve  the  current  issues  begin  these  further  experiments  within  the  next  couple  of 
months. 

Specific  Aim  2:  Identify  and  characterize  proteins  binding  specifically  to  ICI-bound  ERa  and, 
in  particular,  to  the  NLS  domain 

I  have  not  yet  begun  to  work  on  this  aim,  which,  in  the  Statement  of  Work,  was  initially 
proposed  for  months  12-36. 


KEY  RESEARCH  ACCOMPLISHMENTS 

Cytoplasmic  ERa  mutant  protein,  lacking  the  NLS  domain,  is  resistant  to  ICI- 

mediated  degradation  following  12hr  of  treatment  with  the  ligand  in  MCF-7  cells;  in 

fact,  cER  may  actually  be  stabilized  by  ICI  at  6hr  of  treatment 

cER  may  start  to  be  degraded  by  ICI  after  24hr  of  treatment  in  MCF-7  cells;  thus,  the 

resistance  to  ICI-mediated  degradation  may  be  a  temporal  effect 

RhER  might  be  degraded  by  increasing  concentrations  of  ICI  in  MCF-7  cells 

RhER  appears  to  undergo  a  shift  in  molecular  weight  after  treatment  with  10'9M  ICI; 

this  shift  does  not  seem  to  occur  after  treatment  with  10‘9M  E2 


REPORTABLE  OUTCOMES 

-  Casa,  AJ,  et  al.  “The  Type-I  Insulin-Like  Growth  Factor  Receptor  Pathway:  A  Key  Player  in 
Cancer  Therapeutic  Resistance”  (in  press) 


CONCLUSION 

ERa  is  a  critical  marker  for  response  to  antiestrogen  therapy.  Although  treatment  with 
ICI  is  relatively  successful,  side-effects  and  the  failure  to  respond  in  some  patients  is  still  a 
severe  problem.  In  addition,  indiscriminate  degradation  of  ERa  results  in  the  loss  of  its 
beneficial  qualities  in  bone  and  the  cardiovascular  system.  A  better  understanding  of  the 
mechanism  by  which  ICI  mediates  ERa  degradation  may  lead  to  the  development  of  new  and 
better  antiestrogen  therapies  to  inhibit  ERa  action  with  less  toxicity  and  greater  specificity. 


While  the  research  that  I  have  performed  in  the  past  year  has  provided  some  interesting 
results,  it  leaves  many  more  questions  that  still  need  to  be  addressed.  My  immediate  goal  is  to 
assess  whether  the  effect  of  ICI-mediated  degradation  of  our  ERa  mutant  constructs  is  dependent 
on  length  of  treatment  with  ligand.  Once  I  can  better  understand  this  question,  I  will  examine  the 
response  in  other  breast  cancer  cell  lines,  such  as  T-47D. 

I  have  also  attempted  to  expand  my  studies  over  the  past  year.  My  mentor’s  laboratory 
extensively  studies  the  role  of  the  insulin-like  growth  factor  (IGF)  signaling  system  in  breast 
cancer.  Significant  cross-talk  between  the  IGF  system  and  ERa  exists  in  breast  cancer,  and  this 
interaction  has  been  shown  to  be  important  for  ERa  stability.  For  example,  a  reduction  in  ERa 
expression  is  possible  when  aberrant  and  sustained  growth  factor  signaling  occurs  (2). 
Specifically,  24hr  of  IGF  treatment  was  shown  to  significantly  decrease  ERa  protein  expression 
in  MCF-7  cells  (3).  To  better  understand  this  process,  I  have  begun  to  use  microarray  and 
quantitative  real-time  RT-PCR  to  validate  IGF-  and  E2-target  genes.  The  data,  to  date,  is 
promising  and  may  provide  us  with  target  genes  that  are  involved  in  resistance  to  endocrine 
therapies,  such  as  ICI. 
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